A DNA-biosensor was realised to evaluate the analytical performances of a 104 MHz LiTaO 3 shear horizontal surface acoustic waves sensor (SH-SAW), designed in a dual delay lines configuration. Immobilization of a 27-mer DNA-probes on the SH-SAW gold sensitive layer and subsequent hybridization with 36-mer complementary DNA-targets were investigated. The mass sensitivity deduced from immobilization frequency curves, 6.3 Hz/ng, is in the range of the detection limit of quartz microbalance bulk acoustic wave sensor (QCM-BAW). The value of 104 MHZ corresponds to the lowest operating frequency of SH-SAW sensors, showing the great potential of such devices. The calculated hybridization ratio is found in good agreement with hybridization experiments driven in the same conditions with other DNA monolayer biosensors. Successive hybridization runs were performed after biosensor regeneration, showing a good reproducibility.
INTRODUCTION
DNA-biosensors are intensely developed for diagnostics applications, 1 environmental monitoring 2 and food safety. 3 There has been an increasing interest in the field of specific DNA sequences detection using different gravimetric sensors, 4 5 mainly quartz crystal microbalance 6 (QCM) which are time-resolved shear horizontal bulk acoustic wave sensor (SH-BAW). QCM DNA-biosensors are non-labelled sensors, 7 selective enough to perform single mismatch discrimination, 8 renewable 3 and capable of multi-analysis. 9 These acoustic sensors have been already used in many applications of human interest like mutation detection, 10 genetically modified organisms detection, 11 bacteria detection 12 and toxicology. 13 Nevertheless, the sensitivity of such devices is limited by the frequency of the piezoelectric single crystal which is thickness dependant.
14 Indeed, a frequency of 100 MHz requires a 50 m quartz Since that time, they have proven to be useful devices for detection and quantification of different physical parameters such as mass loading. As the acoustic energy is confined near the substrate surface, SH-SAWs are highly sensitive to the perturbation of the propagating medium near the solid/liquid interface, allowing the device to operate as mass sensor. SH-SAWs devices were recently used to design immunosensors operating in liquid. [17] [18] [19] Few studies concerning DNA hybridization detection in liquid media by means of SH-SAW have been recently reported reported 20 23-25 by comparison to detection with DNA detection with SH-BAW like quartz crystal microbalance. In the present study, SH-SAW devices are investigated for studying the immobilization of a 27-mer DNA probe on a gold sensitive area and subsequent hybridization with the complementary 36-mer DNA-target. Results are discussed in terms of sensitivity, hybridization ratio and reproducibility. 
EXPERIMENTAL DETAILS

Sensor Design
The sensor consists in a 36 rot LiTaO 3 piezoelectric crystal lithographed with a gold layer and a chrome underlayer: two interdigital transducers with a periodicity of 40 m ( Fig. 1(1) ) (20 nm Cr, 80 nm Au) generate a 104 MHz surface acoustic wave that propagate along the sensitive area ( Fig. 1(2) ) (20 nm Cr, 280 nm Au). In order to cancel temperature and pressure fluctuations, a dual delay line oscillator configuration was used. The delay lines are inserted in the retroaction loop of two independent radiofrequency amplifiers. The frequency difference between the two lines, the reference and the sensing one, is 
RESULTS
As shown in Figure 2 , the DNA-biosensor was designed by grafting of a DNA-probe labeled with a disulfide group on the gold sensing area of the SAW device. The adsorbed DNA probe was then hybridized with a complementary DNA target and dehybridized to permit subsequent hybridizations. A 12-base cytosine spacer was included on the DNA-probe to enhance access to the sequence involved in DNA-target recognition.
DNA-Probe Grafting
The sensing area was cleaned with a 40 L drop of 50% H 2 SO 4 , 50% H 2 O 2 for 30 minutes and rinsed with deionised double distilled water. The cell was then positioned and both reference and biosensor tanks were filled with 95 L of NaCl solution. The DNA-disulfide immobilization was performed by the injection of 5 L of 1 mg/mL DNA probe solution in the sensing channel, the final DNA-probe concentration is thus equal to 50 g/mL. 5 L of water were added in the reference cell to compensate viscosities effects. Frequency variations versus time are represented in Figure 3 (a). The frequency shift f probe of 400 Hz corresponds to adsorption of the disulfidelabelled DNA-probe on the gold surface. The sensitivity S of the device is given by:
m, the mass of a thiol-labelled DNA monolayer, is deduced from the relation:
Where S SAW is the SAW active surface (14 mm 2 , M probe is the molecular weight of the DNA-probe (8700 g/mol), S DNA is the average area of one adsorbed DNA-disulfide molecule (3.1 nm 2 and N a is the Avogadro number. The calculated mass sensitivity is thus equal to 6.3 Hz/ng. This value is 2.5 higher than the 2.8 Hz/ng mass sensitivity of a 9 MHz (third overtone) QCM. 22 
Hybridization and Regeneration
The two tanks of the flow cell were first filled with 95 L of an HEPES solution. 5 L of 1 mg/mL DNAtarget solution and 5 L of water were then injected in the sensing and reference channels cells respectively. The final DNA-target concentration is equal to 50 g/mL. Frequency variations versus time during the injection of DNAtarget solution are illustrated in Figure 3 shift f target of 255 Hz is indicative of the hybridization phenomenon. The hybridization ratio r of DNA-target n target versus adsorbed DNA-probe n probe is:
This hybridization ratio r can be written as:
Where M probe is the molecular weight of the DNAdisulfide (11600 g/mol). The calculated hybridization ratio r is equal to 48%. This value is consistent with DNA hybridization ratio found for DNA monolayer immobilized on gold covered tranducers. 21 Elsewhere, f target value is 2.5 times higher than that obtained by hybridization on a 9 MHz (third overtone) QCM. The hybridization was performed many times, with regeneration of the DNAbiosensor after each hybridization step. Regeneration was achieved by rinsing five times the cell with 100 L of water. In the last step water is kept in the cell during one hour. Dehybridization by water circulation is possible at ambient temperature because the hybridized sequence is short, 15 bases, and DNA fusion temperatures are lower in an interfacial environment by comparison with hybridization in bulk solution. For these hybridization steps, the mean frequency shift was 238 Hz with relative standard deviation of 6%. This shows that the DNA-biosensor is renewable.
CONCLUSION
This study on SH-SAW in liquid media applied to DNA detection is consistent with first investigations. 20 23-25 It was shown that it is possible to follow both immobilization and hybridization steps, and to perform successive reproducible hybridization runs after biosensor regeneration. The calculated hybridization ratio of 48% found is in agreement with that obtained using other sensors with DNA monolayer immobilized on gold covered transducers. The 6 Hz/ng SAW mass sensitivity is in the range of the more sensitive quartz microbalance bulk acoustic wave sensors. Moreover, SAW devices operating at frequencies as high as GHz already exist in telecommunications; thus the major challenge for the next years will be the technology transfer of these acoustic devices to labelfree bio-sensors field as they may be competitive by comparison with other non-labeled methods such as surface plasmon resonance and electrochemistry. In a forthcoming study, we will present a detailed apparatus development and investigation of sensors detection limit and selectivity.
